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HYPERBRANCHED POLYMikS DERIVED FROM ANHYDROSUGAR-REL ATED 
COMPOUNDS AND PROCESS FOR THE PREPARATION THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to hyperbranched polymers useful for a viscosity increasing 
agent as a biocompatible hydrogel or for a medical material such as an artificial coating agent. The 
invention also relates to a process for preparing hyperbranched polymers from anhydro sugar- 
related compounds. 

2. Description of the Related Ait 

A known method for obtaining a hyperbranched carbohydrate polymer includes, for 
example, the polymerization by the cationic ring cleavage of l,6-ar^ydro-p-l>giiicopyra»se (e;g. 3 
Schuerch et j at: J. Ahl Cjtem. Soc. v vol. *l, p. 403^ 19S9). 

This method, however, suflj&s ftom the djffiodty in controlling a degree of branching and 
a molecular weight life result^ polymer is restricted to a sugar 

having a ghicoside linkage composed of a naturally ocoirring pyranosyl ring: Further, it is difficult 
to make up a versatile desig^ of hyperbranched carbohydrate polymers including; other sugars 
consisting of ftrranosyl ring for example or other sugars having no glucoside linkage. 

Receky/the synthesis of hyperbranched polyaminosugars by the glycosylate reaction 
of sugar oxazoline derivafiws are indited (Kaiddkawa, et aL: Angew. Chan. Int Ed., vol. 37, pp. 
2373-2376, 1998; Polym. AdyL TedboL, vol. 1 1, p. 122, 2000). This process is solely applicable to 
aminosugars and it has the difficulty of the a^Kcation to other sugars. 

SUMMARY OF 1 THE INVEJNPON 

The object of the present invention is to provide hyperbranched polymers derived from 




aer object fifrf the pjresent invention lis to provide an effective process for the 
preparation of the hypkbranched pfoiymcrs derived feercfrom. 

In older to achieve the above-aj^oirod Object; l ithe present invention in one aspect 
provides hyperbranched pcfljroers Medi fiyi diahhydrosugar alcohols and/or anhydrosugar 
alcohols as will be described rfereinaAbr. 

The present invention also provides the %r^branched polymers prepared by the 
copolymetfzation of the dianhydrbsiugar alcohols and/or the anhydrosugar alcohols with 
anhydrosugars as will be 'described hereinafter. 

The hyperbranched polymer according to the present invention has a degree of branching 
in the range of 0.05 to 1.00. 

The present invention in another aspect provides a method for the preparation of the 
hyperbranched J>olymer by polymerizing tile dianhydrosugar alcohols and/or anhydrosugar alcohols 
or copolymerizing diarihydirosugar alcohols a©dfor> a^drosiigar aktohols with the anhydrosujgars 
in the presence of a cationic pi anionic initiator. 

!' r . a I.- ■: : 

BRIEF DESCRIPTION OF THE 5 Afec0I^AJ#M 

Fig. 1 is a diagram showing a spelctnim of the hyperbranched carbohydrate polymer of 
Example 1 measured at 400 MHz and 1 HNi&R (solvent: deuterium water, 25°C). 
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Fig. 2 is a diagram showing a spectrum of the hyperbran hed carbohydrate polymer of 
Example 1 measured at 400 NOp; and "CNfcflfc (solvent: deuterium water, 25°C). 

Fig. 3 is a diagram :«showin£ a ^pectrum of thp hyperbranched carbohydrate polymer of 
Example 2 measured at 400 MHz ^di^HNMR (solvent deuterium water, 25'C). 

Fig. 4 is a diagram showing a spectrum of the hyperbranched carbohydrate polymer of 
Example 2 measured at 400 MHz and l3 CNMR (solvent: deuterium water, 25°C). 

Fig. 5 is a diagram showing a spectrum of the hyperbranched polyether of Example 3 
measured at 400 MHz and ! HNMR (solvent: deuterium water, 25" C). 

Fig. 6 is a diagram showing a spectrum of the hyperbranched polyether of Example 3 
measured at 400 MHz and 13 CNMR (solvent deuterium water, 25 *C). 

DESCRIPTION OF THE PRETERMS© E»ffl€©^iEOTS 

The hyperbranched polyzoe^ according to one embodiment in the one aspect of the present 
invention comprises a polymer derived from at least one an^drosugar-rekted compound selected 
from a dianhydrosugar alcohol represented by tile following general formula [1 ] : 

•l • • • \ l.P - ^ - • ' ' } 

/ \ J / N m 

1 "CHa-CH- (CH) tt -GH-CH 2 

MF. . . 11 

(wherein R is hydrogen 1 aiom or a hydrocarbon group having 1 to 30 carbpn atoms, 
provided that nR'sarie equal id or difiei^ from <one another and at least one R of nR's is hydrogen 
atom, and symbol n is an iritdger from 1 to 10) and an aahydrosugar alcohol represented by the 
following general formula [2]: 

' ' P OR 2 O " OR 3 

I / \ I (2) 

R A - (CHLHGH-ett- (Gfi)^R 4 

(wherein Ri is hydrbgfen atom 6r a hydrocarbon grotip having from 1 to 30 carbon atoms; 
R 2 is hydrogen afem or a hydlroiearbon grotip having ftomJ 1 to 30 carbon atoms; R 3 is hydrogen 
atom or a hydrojearbon grotpf having from 1 to 30 carbon atoms; and R4 is hydrogen atom or a 
hydrocarbon )havin^ jjom 1 to;3if} dmtemi^op^ provided tip* R„ mR 2 |s, pR^s and R« are 
equal to or different from (me anothler and at least ooeR 2 or, 1^ of said mRJs and pR 3 's is hydrogen 
atom, respectively; and 

syihbol m is zero (0) or aiiiiint^ger from 1 to 20 and symbol p is an integer from 1 to 20, 
provided that symbol m+p is an integer from l to 20). 

The hyperbranchedlpolymer according to another embodiment in this aspect of the present 
invention comprises a polymer of at least one anhydrosugar-related confound selected from the 
dianhydrosugpralcohol represented by the following general formula [1 ]: 

6 OR ^O v 

/ \ I / > (1) 

CH 2 -CH- (CR)n~CH-'GH 2 

(herein R is hydrogen atom or a hydtocaiboh grobp having from 1 to 30 carbon atoms, 
provided that hR's are equaT tp or different from one another and at least one R of nR ! s is hydrogen 
atdrn^ and 'Y'" 

symfybl n is an inic^r fton* 1 # 10) ' ^ n 
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and an anhydro sugar alcohol represented by the following general formula [2]: 



OR 2 
I 



A 



OR 3 
I 



R x - (CH)u-CH-CH- (CH), 



(2) 



(wherein R x is hydrogen atom or a hydrocarbon group haying from 1 to 30 carbon atoms; 
R 2 is hydrogen atom or a hydrocarbon group having from 1 to 30 carbon atoms; R 3 is hydrogen 
atom or a hydrocarbon group having from 1 to 30 carbon atoms; and R< is hydrogen atom or a 
hydrocarbon group having frojn 1 to 30 carbon atoms; provided that R l9 tdR 2 % pR 3 's and R4 are 
equal to or different/from one another an$ at least one R 2 or R3 of said mR 2 *s and pR^s is hydrogqn 
atom, respectively; and 

symbol m is zero (0) or integer from 1 to 20 and symbol p is an integer from 1 to 20, 
provided that symbol m+pis an integer from 1 to 20) 

with at least one sugar compound selected from an anbydrosugar as represented by the following 
general formula [3]: 



(3) 




by die following general fonjnjlfl [43 : 



by the 




OR 6 



by the following general formula [6]: 




or by the following general formula [7]: 



Jr. , : { 



i R 6 © OR6 



OR? 



li.. . 



* (4) 



(5) 



(6) 



(7) 



(wherein R 5 , R 6 and R may be each equal to or different from one another and 



is 
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hydrogen atom or a hydrocarbon group having 1 to 30 carbon atoms). 

The hydrocarbon group as used herein may include a linear hydrocarbon group or a cyclic 
hydrocarbon group. The linear hydrocarbon group may include, for example, a linear or branched 
hydrocarbon group derived from an aliphatic hydrocarbon, such as an alkyl group having from 1 to 
30 carbon atoms, preferably from 1 to 4 carbon atoms, and an alkenyl group having from 2 to 30 
carbon atoms, preferably from' 2 to 5 carbon atoms. The alkyl group may include, for example, 
1 methyl, ethyl, propyl, butyl, iso^jjiopyl, ^ert-butyl, pentyiand hexyL The alkenyl group may include, 
for example, ethenyl, propenyi, butenyl, iso-propenyl, pentenyl and hexenyl. The cyclic 
hydrocarbon group derived from an alicyclic hydrocarbon group or an aromatic hydrocarbon group. 
The alicyclic hydrocarbon group may include, for example, a cycloalkyl group or a cycloalkenyl 
group, each having from 3 to 30 carbon atones, preferably from 5 to 7 carbon atoms. The cycloalkyl 
group may include, for example, cyclopiopyl, cyelobutyl, cyclopentyl, cyclo(methyl)pentyl, 
cyciohexyl, cyclb(methyl)hexyl and cyctoheptyl. The cycloalkenyl group may include, for example, 
cyclopropeinyl; cyclobutenyl, cyclopentienyl, cycio(inetiyl)pentenyl 3 ;! cyclohexehyl, 
cyclo(methji)hexenyl and: cyelokeptefcyl. Tie aromatic hydrocarbon group may include an aryl 
group and an aralkyl group. Thearyl^group may have from 6 to 30 carbon atoms, preferably from 6 
to 12 carbon atoms, and the $ra3kyt 5 group may have from 7 to 30 carbon atoms, preferably from 7 
to 10 carbon atoms. The aryl group may include, for example, phenyl, cuimenyl, mesityl, tolyl and 
xylyl. The aralkyl group may iftclude, Tor example, benzyl' and phenethyl. 

Among the hydrocarbon groups as defined herein, the hydrocarbon group selected frpm 
the alkyl grpup, the aryl group and the aralkyl group is preferred. 

In the general 'formula [l j, ifce symbol n is an integer from 1 to 10 carbon atoms, 
preferably from 1 to 4/ H 

In the general formula [1], at least one R of nR's is hydrogen atoin that is involved in the 
polymerization of the dianhydjoisugar alcohol and assists in increasing a degree of branching for 
the resulting hyperi>ranched jxfiymter :i . ? • 

Examples of the disS^drosugai* alcohols {!] jd|ay include a 1 ,2:5,6^anhydro>D-mannitol- 
type compound, a l^:5;6-dianhydro-L-iditol-tyjpe compound, a 1 ,2:5,6^dia^ydro-annit^type 
compound, a l^:5,6-dianhydro-gMactitoi-type compound, a 1 ^:5,6-diahhydro-glucitol-type 
compound, a 1 J2:4^^i^ydro-xj^l-type compound, and t£e like. 

In the general formula [2], the symbol m is zero (0) or an integer from 1 to 20, preferably 
zero (0) or an integer from T to 4, and, likewise, the symbol p is an integer from 1 to 20, preferably 
an integer from 1 to 4, however, provided that the symbol m + p is an integer from 1 to 20. 

Further, at least one ^ or R3 of mR 2 's and pj^'s is hydrogen atom that is involved in the 
polymerization of the anhydrosu^ar alcohol A [2] and assists in increasing the degree of branching of 
the resulting hyperbranched pblyme|. 

Examples of the anhydrosugar alcohol [2] may include a 1,2-anhydro-D-mapnitol-type 
compound, a l^-anhydro-l>iditol-type comjwund, a 1,2-arihydro-annitol-type compound, a 1,2- 
anhydro-galactitbl-type compound; a 1 ,2-ai&ydro-glucitol-type compound, a 1 ,2-anhydro-xylitol- 
type compound^ a 1 ^-anhydro-thrieitol'type compound, and the like. 

In e4ch of the gdierai fon&^as [3]; [4]i $5], [6] and [7], R 5 , R 6 hod R 7 define each 
hydrogen atom and a hydrocarbon group having from 1 to 30 carbon atoms: The hydrocarbon 
group as defined in each of the geieral formulas [3], [4], [5], [6] and [7] has the meaning identical 
to that as defined in the general formula [1] or [2]. 
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In another aspect of the present invention, there is provided a process for the preparation 
of the hyperbranched polymer, which comprises polymerization of at least one anhydrosugar- 
related compound selected fron? tl^e dianhydrosugar alcohols [1] and the anhydro sugar alcohols [2] 
or copolymerization of at least one anhydrosugar-related compound selected from the 
dianhydrosugar alcohols [1] and/or the anhydrosugar alcohols [2] with at least one anhydro sugar 
selected fiom the following general formula [3], [4], [5], [6] or [7] in the presence of the cationic or 
anionic initiator. 

As the cationic initiator to be used for the process according to the present invention, there 
may be used any one customarily used for the polymerization of the anhydrosugar-related 
compounds as described above. Examples of the cationic initiators may include, for example, a 
thermal cationic initiator and tan photewntipmic initiator deluding such as sulfonium antimonate and 
the like, a Lewis acid such asj boron triflnoricfe diethyl etherate, tin tetrachloride, antimony 
pentachloride, phosphorus pentaflucai^te and tile lifce, a Brenstead acid such as trifluoromethane 
sulfonic acid, and the like. 

As the anionic initiator, there may be used any one customarily used, and examples of the 
anionic initiators may include and not be limited to a hydroxide such as KOH and the like, and a 
metal alcolate such as tert-BudK, ZnCbCH^ and the like. 

The apouht of the initiators may be in the range of 1 to 10% by weight vfrth respect to the 
anhydrosugar-related compound as a starting material. 

The polymerization reaction to be used for the method of the present invention may be 
carried out in the presence of an organic solvent, such as tetrahydrofuran, dichloromethane, 
propylene carbonate, and the like. 

The polymerization df the dianhydrosugar alcohol [1] according to the rijiethod of the 



present invention! will be described as a reference to the mechanism of the polymerization. The 
pbiymerizaiidn ofih^ diiuMydro^ by the general fbtmulS f 1] to be usttt as a 



starting material may involve ^ i^^pfemrig and the ring-forming by the nucieophillic or 
electrophiiit reaction: The : /rd4<¥!S^ '"W an anttydro group f with a hydioxyi group in other 
anhydrosugar can form a hypeibranched carbohydrate polymer consisting of a recurring unit 
without glycoside linkage, which does not occur naturally. 

In the case where th^ aiihyidrosugar alcohol as represented by the general formula [2] is 
used, the anhydrto groups iit die 1,2-, 1,4-, 1,5-, 2,$- or 3,5-positions may be cleaved by the 
hydroxyl group of the other sugar, tiiereby forming a highly branched polyether structure, that is, 
hyperbranched poiyether.^ 

Further, when the dianhydibsugar aicohril [1] is admixed with the anhydrosugar alcohol 
[2], the polymerization taction of &e anydro&gar alcohols bf the general formulas [1] and [2] are 
allowed to occur simultaneously yielding a polymer that contains both of the hyperbranched 
carbohydrate anjl the hyperbranched polyether structure, 
j The chemical stru&ure of die (Ea^ydrt^ig^ alcohol (n ? 2) of the general formula [1] 

| I may be represented by the general formula (a): 



5. 
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[2] maybe 




(a) 



ittcohol (Ri = R4 = H, in = p = 2) of the general formula 



(b) 



Hie hyperbranched polymer according to the present invention has the degree of 
branching in the range of 0.05 to 1.00, when measured by the following Frechet's formula: 

Degree of branching p (number of branched units + number of polymer 
' M , _ terminals)/(number of branched unite + 

;i J ;/ {Offli^^ ^nwifcber of linea&r units). 

TKe Frechet y s (formula -lean- ^ve the degree of brandling of zero (0) for a linear polymer 
and the (fcgree of branching of one J|l) for a dendiimer. 

The hypeibranched polymer accorjfling to the preset^ invention may be in a shape close to 
a dendritic formed have fu^ftter taiani^ jforii the temehed chain. The hyperbranched polymer 
according to the present invcjpition may include a cafcofcydtate polymer composed f unique and 
non-naturally occurring recurring units having no glycoside linkage, that is, a ftanbse-typc su^ar 
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unit 

The hyperbranched polymer comprising the djanhydrosugar alcohols [1] and/or the 
anhydrosugar alcohols [2] may,, have a molecular weight in the range of normally 10;000 or more, 
preferably 200,0bb or mora, ? #hen measured by the static laser light scattering method 

The present invention wfU be described in more detail by way of examples, although it is 
not limited to such examples, 

Example 1 : Cationic polymerization ofl£:5,6-diaiihydro-D-manmtol 

To a solution of l,2:5,6snaimydro-D-mannitol (0.50 g) in dry dicMoromethane (CHjCy 
(6.8 mL) was added boron trifluoride diethyl etherate (BFj-dEtJ (4.3 ftL) at 0 °C under a nitrogen 
atmosphere. After 200 hours, the reaction mixture was poured into a large amount of methanol and 
neutralized with aqueous ammonia. The solvent was evaporated, and the residue was purified using 
a permeable membrane in 1 the water to give: the polymer 0.209 g (41.8 % yield). The and 
HJK were 1,900 and 2.23, respectively, and the was 3.1 x 10 5 in aqudous sodium nitrate 
solution (6.2 mol-L 1 ). The inertial and hydrodynamic radii of the polymer were 83 nm (SLS) and 
67 nm (DLS), respectively, at 40 *C in aqueous sodium nitrate solution (0.2 mol-L 1 ). The ; polymer 
w ^ so ^^,^ ater ' methanol, and acetone and insoluble m dichlonanethane, chloroform, 

The ?H> NMR and ' $C NMR specta of :the .polymer are cShown in Figure, 1 and Figure 2, 
respectively. For the miear carbohydrate j*tymers. apealt derived from the CI caibon tenninal was 
little demonstrated, whifcia large pe^ (nearby 60 ppm) derived from the CI carbon tenninal of the 
carbohydrate polymer according totae present invention was demonstrated. Moreover, the peak 
derived from the other caAon is divided into several peaks so that it is found to be in a 
hyperbranched structure. It was also found that the weight-average molecular weight measured by 
the SEC (A/ WiSBC ) was demonstrated smaller than the weight-average molecular weight measured 
by the static laser flight scattering; method (M^). . pis tendency seems to be based on the 
difference of the effective volume of the polymer and it can often be observed in the hyperoranched 
polymer. > : " ~' ', . 

Example 2: Amomc polymerization of l^:S.6-ai&ydro-D~mannitol 

To a solution of 1^46^diamhydro^-mannitol (0.50 g) in dry THF (3.4 mL) was added t- 
BuOK/THF solution (0.17 ml, 1.0 molL') under a nitrogen atmosphere. After 30 hours, the 
reaction mixtore was poured into a ^ Ife^iaiiioun^ awl, neutralized w|>h aqueous dry ice. 

The solvent was evapora#di and th* rejridpe was^jurified using a permeable membrane in water to 
give tb* polymer 0.085 g (17.0 a specific Proration +19.6' (c 1.0, Hid, 23*C). The M ^ 

and MJM a were 1,600 and S.07-i respectively, and the Af^ was 13.1 x 10 5 in aqueous sodium 
nitrate solution (0.i mol t: 1 ). Tip inertial and hydrodynamic radii of the polymer were 131 nm 
(SLS) and 132 nm (DLS), respectively, at 40 °C in aqueous sodium nitrate solution (0.2 mol-L' 1 ). 
The 'H NMR and 13 C NMR spectra of the polymer are shown in Figure 3 and Figure < respectively. 

Example 3: Cationic polymerization of ^-anhydrorerymrhol 

To 2,3-anhydroerythritol (1;0 g) was added BFj-OEtj (6.2 uL) at 100 "C under a nitrogen 
atmosphere. After 120 n, the reaction nuxture was poured into a large amount of water and 
neutralized with aqueous ammonia. The solvent was evaporated, and the residue was purified using 
a permeable membrane in ^ater to give thepolymer 0.294 g (29.4 % yield). The and M vj!is 
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were 970 and 13.1 x 10 5 , respectively, in aqueous sodium nitrate solution (0.2 molL 1 ). The 
inertial radius of the polymer: was 116 nm (SLS) ,at 40 ?C in aqueous sodium nitrate solution (0.2 
mol-I/ 1 ). The polymer was soluble in water and methahek and insoluble in acetone, 
mchloromefeane, chlorofo>m, telrahyoVfirism, tomese, and pyridine. 

The l H NMR and U C Nl^ spectra of fee polymer are shown in Figure 5 and Figure 6, 
respectively. 

For the carbohydrate polymers according to the present invention, a peak derived fiom the 
C3 terminal carbon for the linear carboirydrate polymer was observed slightly, while a large peak 
(nearby 70 ppm) derived fiom the C3 terminal carbon was observed in the hyperbranched 
carbohydrate polymer. Moreover, the peak derived from the other carbon is divided into several 
peaks so that it is found.to be in a hyperbranched structure. It was also found that the weight- 
average molecular weight measured by the SEC W vjsc ) was smaller than me weight-average 
molecular weight measured by fee static laser light scattering method(A^ >sts ). This tendency seems 
to be based on the difference, of the effective volume ofthe polymer and it can often be observed in 
the hyperbranched polymer, j \ 

Example 4: Cationic copolymeri^bu of U:S i 6^a^yd T o-l>^oaiiiiitol with 1,6-afeydro-afD- 
numnopyr^nose r - 1 8 . 

To a solution ^ mmol) and 1,6-anhydro-p-D- 

manwjpyianose (0.162 g, 1 mmol) in propylene carbonate (2,5 ml) at 130 °C was added 2-butenyl- 
tetramemylenesulfimium hejfafhioroamiBioaate dn prt^lene carbonate solution (9.4 ul* 3.76 x 10" 2 
mmol) under a nitrogen atmosphere. After 192 hours, the reaction mixture was poured into a large 
amount of water and neutralized wife aqueous anmto^ The solvent was evaporated, and fee 
residue was purified using a permeable membrane in water to give fee polymer 0.304 g (26,2 % 
yield). The. and J^as were 1,200 and 7 3 x 10 5 , respectively, in aqueous sodium nitrate 
solution (0.2 molL" 1 ). ; t 

EFFECTS OF THE INVENTION 

i ^P*^tmve«mp4 
with high reproductivity and on a large scale, alowmg fee use of fee hyperbranched polymer as a 
functional .material on p, industrial !", scale. Moreover, fee present invention can, produce a 
hypeferaifi^hed carbohydrate poiy^Bjer' having -a. s^cture feat cannot be obtained from a natural 
branched carbohydrate polymery ?|ucn Has apftopectin or the like, and further provide fee 
hyperbranched carbohydrate and/* polyefeer ior mix of bbfe structures that can be controlled a 
molecular weight and a degree of branching so as to comply wife usage. 

Further, the hyperbrisched polymer according to fee present invention can be applicable 
to medical materials such ias a biocompatible hydrpgel for a viscosity increasing agent or an 
artificial coating agent, and fee like. 



